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PROCESS FOR PRODUCING CYCLIC COMPOUNDS 
RELATED PATENT DATA 

[0001] This patent claims benefit of priority under 35 U.S.C. §119 to U.S. 
Provisional Patent Serial No. 60/435,469, which was filed December 20, 2002. 

TECHNICAL FIELD 

[0002] The invention pertains to methods of processing di-carbonyl 
compounds, methods of producing cyclic compounds comprising a heteroatom 
ring member, including N-alkyl succinimide, and methods of producing 
pyrrolidinones. 

BACKGROUND OF THE INVENTION 

[0003] Cyclic compounds such as pyrrolidinones, N-substituted 
pyrrolidinones, other cyclic amines, and other cyclic compounds having one or 
more hetero-atom ring members, are useful as solvents, anti-fungal agents, * 
pesticides, herbicides, anticorrosion agents, antioxidants, UV protectants, for use 
in forming polymers and plastics, and as reagents for forming other useful 
compounds. Conventional methods of forming these compounds can be 
expensive and inefficient. It would be desirable to develop processes for 
production of cyclic amines and other cyclic compounds. 

SUMMARY OF THE INVENTION 

[0004] In one aspect the invention encompasses a method of processing 
an initial di-carbonyl compound. The initial compound is converted to a cyclic 
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compound having a ring nitrogen atom and two carbonyl groups. The cyclic 
compound is reacted with an alkylating agent to form a derivative having an 
alkylated ring nitrogen. The alkylated cyclic compound is produced in a mixture 
containing additional components and a purification process is performed to 
remove at least some of the additional components. 

[0005] In one aspect the invention encompasses a method of producing 
an N-alkyl product. An initial solution is provided to a reactor, the initial solution 
comprises a di-carboxylate compound and ammonia, where the ratio of 
ammonia to the di-carboxylate compound is from 0:1 to greater than 2:1. For 
purposes of the description, when referring to a solution or mixture the term 
ammonia is intended to encompass either or both NH 3 and NH 4 + , unless 
specifically indicated otherwise. The amount of ammonia in solution is adjusted 
to produce a solution having a second ratio of ammonia to di-carboxylate 
compound of from about 1:1 to about 1.5:1. An alkylating agent is added to the 
solution having the second ratio and the initial compound is alkylated and 
cyclized to produce a cyclic N-alkyl product. 

[0006] In one aspect the invention encompasses a method of making N- 
methyl pyrrolidinone. An aqueous mixture comprising ammonia and succinate is 
introduced into a vessel. The amount of ammonia in the aqueous mixture is 
adjusted to provide a ratio of ammonia to succinate of from about 1:1 to less 
than about 2:1. A methylating agent is introduced into the vessel and is reacted 
with succinate at a temperature of from greater than 100°C to about 400°C to 
produce N-methyl succinimide. The N-methyl succinimide is at least partially 
purified and is subsequently hydrogenated to form a product mixture comprising 
N-methyl pyrrolidinone. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] Preferred embodiments of the invention are described below with 
reference to the following accompanying drawings. 

[0008] Fig. 1 is a block-diagram flowchart view of a generalized method 
encompassed by the present invention. 

[0009] Fig. 2 is a process flow diagram showing a processing system that 
can be used in performing particular aspects of the present invention. 
[0010] Fig. 3 is an illustration of potential equilibrium reactions that can 
occur in a particular aspect of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS : 
[0011] This disclosure of the invention is submitted in furtherance of the 
constitutional purposes of the U.S. Patent Laws H to promote the progress of 
science and useful arts" (Article 1 , Section 8). i 
[0012] In general, methods according to the present invention can be 
utilized to produce a cyclic nitrogen-comprising compound having formula (I), 

o 

Formula (I): R i ; 

where Ri is a linear or branched, saturated or unsaturated hydrocarbon or 
substituted hydrocarbon. Preferably, Ri contains twenty or fewer non-hydrogen 
atoms, and in particular instances can preferably comprise from 1-10 carbon 
atoms. Alternatively, Ri can be absent such that the resulting product is a three 
membered nitrogen comprising ring compound. R 2 can be an alkyl (linear, cyclic 
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or branched, saturated or unsaturated), a substituted alkyl group, an aromatic 
group or hydrogen. 

[0013] Ri can preferably be a branched or un-branched, saturated or 
unsaturated, substituted or non-substituted group which allows the ring structure 
of formula (I) to be a 5-, 6- or 7-membered ring. In particular instances, the 
formula (1) compound can have one of the 5- or 6-membered ring formulas 
shown in Table 1, where R 3 through R 8 are not limited to any particular groups, 
and can be independently selected from hydrogen, hydroxyl, hetero-atom 
comprising functional groups, linear or branched groups, and saturated or 
unsaturated groups, including hydrocarbon groups or substituted hydrocarbons. 



Table 1: Example Formula (I) Compounds 
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[0014] 



The product having formula (I) can optionally undergo further 



derivatization in accordance with a second aspect of the invention to produce a 
compound having formula (II). 



where R 2 is any of the substituents set forth above with respect to R2, and R1 is 
any of the groups indicated above with respect to R1. The invention also 
contemplates three membered ring compounds analogous to the formula II 
compound where R1 is absent. The invention can be particularly useful for 
production of N-methyl succinimide (NMS), a formula I compound, which in 
accordance with the second aspect of the invention can optionally be utilized for 
production of N-methyl pyrrolidinone, ((NMP), also known as N-methyl 
pyrrolidone). 

[0015] For simplicity of description, the various methods and aspects of 
the invention will be described in terms of production of NMS and/or NMP. 

5 



N 



Formula (II): 




S:\BA4\212\P05.doc 



Docket No. 13872-B* 



However, it is to be understood that the described methods and aspects can be 
adapted for production of any of the compounds having formula (I) or (II) set 
forth above. 

[0016] Methods encompassed by the present invention are described 
generally with reference to Figs. 1-2. Referring initially to Fig. 1, a precursor 
compound can be provided in an initial step 10. The precursor provided in step 
10 can comprise a compound having formula (III). 



Formula (III): Z R 




where Z and X independently comprise one or more C, H, O, N, S, a halide, and 
a counter-ion. In particular instances one or both of Z and X can be selected 
from OH, OR, and O" (free or with a counterion). Ri can be any of the groups set 
forth above with respect to R la Alternatively, the precursor can be a compound 
analogous to formula (III) where Ri is absent. 

[0017] In particular embodiments, the initial compound utilized in process 
10 can be succinic acid or a succinic acid derivative such as, for example, a 
monoester, a diester, succinate, succinamic acid, a succinamic ester, 
succinamide, and N-alkylated succinimide, a substituted succinic acid (e.g. 
itaconic acid) or a succinate salt. Where a succinate salt is utilized, the counter- 
ion is not limited to a particular species and in some aspects can preferably be 
ammonium. Alternatively, the precursor provided in step 10 can be one of the 
following acids or a derivative thereof: fumaric, itaconic, malic, maleic, aspartic, 
citric and glutamic. 

[0018] The process of providing the precursor can preferably comprise 

forming an aqueous mixture containing the desired precursor. In particular 

6 

S:\BA4\212\P05.doc 



Docket No. 13872-B' 



instances, process 10 can include a fermentation process where the precursor is 
a fermentation product. For purposes of the description, methods of the present 
invention will be further described utilizing succinic acid or a derivative thereof as 
an exemplary starting material for utilization in process 10. Such can be 
produced by fermentation and in particular instances can be provided in process 
10 in a fermentation broth (where fermentation broth refers to an aqueous 
mixture having some or all of the components present in the fermentation 
reaction retained in the mixture). It is to be understood that the methods can 
also utilize succinic acid derivatives or other precursor compounds produced by 
means other than fermentation. 

[0019] Where succinate is provided as the precursor, such can preferably 
be provided as ammonium succinate in an aqueous mixture or aqueous solution. 
For purposes of the description that follows, all ratios refer to mole ratios unless 
otherwise indicated, and all percents are based upon weight unless otherwise 
indicated. Where a fermentation process is utilized to produce the succinate, an 
initial fermentation broth can in particular instances comprise a ratio of ammonia 
to succinate of from less than 1:1 to greater than or equal to 2:1. Further, the 
fermentation broth can comprise from about 3-30% ammonia succinate by 
weight relative to the total weight of the mixture (after filtration removal of cellular 
components; see below). Optionally, the amount of water can be reduced in the 
mixture by performing a concentration step. The concentration step can produce 
a solid form of ammonium succinate, or can produce a mixture of ammonia and 
succinate in water. Where a mixture is produced, the mixture can have from 
about 10% to about 80% of ammonium succinate (or ammonia and succinate) by 
weight, preferably approximately 50%. 
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[0020] Process 10 can optionally comprise adjustment of the ammonia 
content of the mixture. Where succinate is produced by a fermentation process, 
the adjustment can provide a final ammonia to succinate ratio of less than 2:1. 
Preferably, the final ammonia to succinate ratio will be less than about 1.8:1, 
more preferably from about 1:1 to about 1.5:1, and most preferably will be 
between 1.2:1 and 1.4:1. Such adjustment can comprise, for example, removal 
of ammonia. 

[0021] Alternatively, where process 10 does not comprise a fermentation 
process or where succinate is provided in a non-ammonia form, ammonia can be- 
added to the mixture in step 10 to provide the desired ratio of ammonia to 
succinate. It can be advantageous to provide an ammonia to succinate ratio ofc 
less than 2:1 in the mixture to optimize the subsequent reaction performed in 
process 12 (discussed below). 

[0022] Where process 10 involves fermentation, the fermentation broth 
produced during fermentation can optionally undergo a filtration step to remove 
cells and/or at least some cellular components present in the fermentation broth 
prior to reaction step 12. It is to be noted, however, that the filtration is optional. 
Accordingly, in certain instances a reaction broth can be provided to step 12 
without being subjected to any of the filtration, concentration or ammonia 
adjustment steps discussed above. It is to be understood that the invention 
encompasses utilization of none or any combination of the ammonia adjustment, 
succinate concentration and fermentation broth filtration steps described. 
[0023] The precursor provided in process 10 can be subjected to an 
alkylation and cyclization process 12 to form a cyclic product as shown in Fig. 1. 
The alkylation and cyclization of process 12 can be conducted concurrently, or 
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cyclization can be followed by alkylation. For purposes of the description, where 
alkylation and cyclization are conducted concurrently, no reaction sequence or 
mechanism is implied. The reaction process 12 can be conducted under thermal 
conditions in the absence of any added catalyst or can alternatively be 
conducted in the presence of a catalyst, such as an acidic catalyst. Thermal 
conditions utilized in producing the cyclic compound in process 12 preferably 
utilize a temperature of from at least 100°C to about 400°C. In particular 
instances the thermal conditions utilize a temperature of between 100° C and 
300°C. It is to be understood that the invention also encompasses producing 
non-alkylated cyclic compounds, and accordingly, the described conditions can 
be utilized in an absence of addition of alkylating agent. < • 

[0024] Process 12 can comprise thermal cyclization of at least some of 
the precursor prior to addition of any alkylating agent or can comprise addition of 
an alkylating agent prior to or at initiation of the cyclization reaction. The 
alkylating agent provided to process 12 is not limited to a particular reagent and 
can be any alkylating agent to produce the desired R 2 group. Exemplary 
alkylating agents appropriate for process 12 include, but are not limited to, an 
alcohol, a glycol, a polyol, an epoxide and aziridine, urea, an acetal, a thiol, a 
carboxylate, an alkyl halide, an alkyl amine, a carbonate compound, a thiol 
compound, a thiol-carbonate compound, a sulfate compound and mixtures 
thereof. In particular instances, it can be preferable to utilize an alcohol as the 
alkylating reagent. The alcohol can be provided at, for example, a ratio of from 
about 1:1 to about 30:1 relative to the succinate or alternative precursor. A 
preferable ratio of alcohol to precursor can be from 1:1 to about 10:1. For 
instance, where the desired product is NMS, methanol can be added to the 
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reaction such that at initiation the reaction has a methanol to succinate ratio of 
from about 1:1 to about 10:1. In particular instances, the methanol to succinate 
can preferably be from about 1:1 to about 3:1, and more preferably from about 
1.5:1 to about 2:1. 

[0025] Reaction process 12 can optionally include an immediate quench 
cooling or flash cooling. An exemplary quench cooling process can comprise 
cooling from the reaction temperature to below 100°C in a time of less than or 
equal to about 30 minutes. It can be advantageous to quench or flash cool the 
reaction mixture to inhibit ring opening and to maximize yield of the cyclic 
alkylated product. The processing of step 12 can be utilized to form, for 
example, compounds of formula (I) discussed above. 

[0026] The cyclic alkylated compound produced in process 12 can 
optionally be collected in a collection process 14 as shown in Fig. 1 : It is to be 
understood that in some instances, such as where the cyclic alkylated compound 
will undergo further conversion or derivatization, the collection step may be 
omitted. Collection process 14 at least partially purifies toe cyclic alkylated 
products by removing at least some of any potentially detrimental fermentation 
broth components, alkylating agents and/or byproducts produced during process 
12. For purification purposes it can be advantageous that R 2 be a group which 
confers or enhances properties useful in purification such as volatility, 
hydrophobicity, etc. Alternative purification methods appropriate for process 
step 14 include but are not limited to distillation, sublimation, decanting, steam 
distillation, extraction and crystallization. Successive purification steps can be 
utilized to improve product purity. In particular instances, it can be preferable 
that a compound of formula (I) produced in step 12 be volatile to allow 
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separation by distillation. In instances where the cyclic product will be further 
processed in accordance with aspects of the invention, it can be advantageous 
to utilize a distillation process for purification. Where subsequent processing is 
to be conducted under thermal conditions, the distillation product can be directly 
provided to the downstream process without an intervening cooling step. 
[0027] Although the reaction and distillation is described above as 
occurring independently, it is to be understood that the invention additionally 
encompasses concurrent reacting to form the cyclic product (whether it be 
alkylated or non-alkylated), and purification of such product as it is formed. For 
example, concurrent reaction and purification can be conducted by reactive 
distillation. 

[0028] As indicated above, cyclization and alkylation process ,12 can 
optionally be conducted in the presence of components of a fermentation broth. 
However, it can be advantageous to purify the product compound having formula 
(I) prior to any subsequent processing in order to avoid detrimental effects upon 
any catalyst which may be utilized during the subsequent processing. 
[0029] The compound of formula (I) collected and/or partially purified in 
process 14 can be further processed by carbonyl reduction process 16 or can 
alternatively be utilized to form other useful products (not shown). Carbonyl 
reduction processing 16 can comprise hydrogenation of the formula (I) 
compound to produce one or more of a compound having a formula (II), a 
compound having a formula (IV), a compound having a formula (V), and a 
compound having formula (VI). 
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Formula (IV) 



H 2 C, 



0 



,CH 2 



H 2 C, 




,CH 2 



\/ 



Formula (V) 




> 



,CH 2 



Formula (VI) 



Preferably, where two or more of formulas (II), (IV), (V) and (VI) are produced in 
a product mixture in process 16, compound formula (II) is the majority product. 
More preferably compound of formula (II) is selectively produced relative to each 
of the other three products. In particular instances the product mixture can 
comprise at least 90% compound (II). 

[0030] Carbonyl reduction process 16 can utilize a reduction catalyst in 
the presence of hydrogen. Although the description emphasizes selective 
production of a compound of formula (II), it is to be understood that the invention 
encompasses selective production of any of the compounds having formulas (IV, 
V and VI). Conversion efficiency and/or selectivity can be dependent upon 
various conditions utilized in process 16 including, for example, the specific 
catalysts utilized, purity of the starting material, length of exposure to the 
catalyst, hydrogen pressure, reaction temperature, the amount of water present 
(if any), etc. Appropriate catalysts for utilization in process 16 can preferably 
comprise one or more of Fe, Ni, Pd, Pt, Co, Sn, Rh, Re, Ir, Os, Au, Ru, Zr, Ag 



S:\BA4\212\P05.doc 



Docket No. 13872-B* 



and Cu. The catalyst can additionally comprise a support such as for example a 
porous carbon support, a metallic support, a metallic oxide support or mixtures 
thereof. In particular instances the catalyst can contain a catalytic metal on a 
support containing both metal oxide and carbon. For purposes of the invention, 
the carbon support can be a granular carbon or carbon powder and in particular 
instances, the catalytic metal(s) can be edge-coated onto the carbon support. 
[0031] In instances where the compound having formula (I) collected in 
process 14 is NMS, and selective production of NMP in process 16 is desired, 
the hydrogenation catalyst utilized can preferably comprise one or more of Re, 
Rh, Zr, Ni, Ru, Pt, Pd and Co. Particularly useful catalysts for selective 
production of NMP are listed in Table 2, along with the commercial source where 
appropriate. 



Table 2: Conversion catalysts 



Source 


Catalyst Number 


Description 


Synthesized 


1 


2.5%Re on Calgon 120 CTC granular C 
(uniform metal distribution) 


Synthesized 


2 


2.5%Rh 2.5%Zr on Calgon 120 CTC C 
(mixed metal distribution) 


Synthesized 


3 


2.5%Ni 2.5%Re on Norit ROX 0.8mm C 
extrudate (Uniform metal distribution) 


Synthesized 


4 


2.5%Rh 2.5%Re on Norit ROX 0.8mm 
C extrudate (Uniform metal distribution) 


*Engelhard Corp. 


6757-09-1 


2.5%RuonPICA 12x20 mesh 
granular C 


*Engelhard Corp. 


ESCAT 268 


5%Pt on C powder (uniform metal 
distribution; pre-reduced; water-wet) 


*Engelhard Corp. 


ESCAT 340 


5%Rh on C powder (mixed-metal 
distribution; pre-reduced; water-wet) 


*Engelhard Corp. 


ESCAT 140 


5%Pd on C powder (mixed-metal 
distribution; pre-reduced; water-wet) 


*Engelhard Corp. 


ESCAT 440 


5%Ru on C powder (mixed-metal 
distribution; pre-reduced; water-wet) 


*Engelhard Corp. 


Co-0138 E 1/16 3F 


- 30%Co on 3-finned alumina extrudate 
(dry; pre-reduced; passivated) 


**Degussa Corp. 


G 106 B/W 5%Rh 


5%Rh on C powder (pre-reduced; 
water wet) 



*Engelhard Corporation, Iselin, New Jersey; **Degussa, Germany 
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[0032] In instances where NMS produced in step 14 is utilized for 
production of NMP, efficiency and selectivity can be enhanced by performing 
hydrogenation process 16 in the presence of no water or very little water (for 
example less, than or equal to about 10%, by weight). Accordingly, it can be 
preferable to provide the product of process 14 to reduction reaction 16 in solid 
or molten form. Further, the formula (I) compound can be provided to process 
16 in molten form directly from any high temperature purification step performed 
in process 14 and thus increase time efficiency by avoiding an additional cooling 
step. 

[0033] An appropriate reaction temperature for conversion of NMS in 
process 16 can be from about 120°C to about 220°C. Alternative temperatures 
can be utilized for alternative conversion/hydrogenation reactions. 
[0034] Utilization of the above conditions for reduction process 16 typically 
results in a product mixture containing very little, if any, of products having 
formula's (IV) or (V). In other words, products of formula (II and VI) are typically 
the primary products produced during step 16. Compounds having formula (II 
and IV) can be separated from other reaction components, any products (IV) and 
(V) present and can optionally be separated relative to each other in separation 
process 18. Compound having formula (II) can be separated from other 
components in the mixture using, for example, one or more of distillation, 
crystallization, ion exchange and selective adsorption. 

[0035] Referring to Fig. 2, a system 20 is shown which can be utilized in 
particular aspects of the invention for producing a compound having formula (I) 
and/or a compound having formula (II). Although system 20 is described below 
relative to production of NMS and/or NMP, it is to be understood that system 20 
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can be adapted for production of alternative formula (I) compounds and/or 
formula (II) compounds utilizing alternative reagents as set forth above. 
[0036] A succinic acid derivative can be provided from a source 30 into an 
initial process reactor 32. Source 30 can be, for example, a fermentation 
processor where the fermentation produces succinate. 

[0037] Where source 30 comprises fermentation, such fermentation can 
be performed in corn steep liquor with added glucose and ammonia. At least 
some of the glucose and ammonia are converted into diammonium and/or 
ammonium succinate. The succinate fermentation product can be provided 
directly to reactor 32 in the original state of the fermentation broth. Alternatively, 
the fermentation broth can be filtered to remove cells and/or cellular components 
prior to introduction into reactor 32. A typical succinate concentration of an 
original fermentation broth (after filtration) can be from about 3% to about 30%, 
by weight. The succinate can be concentrated prior to or after providing it to 
reactor 32, and can preferably be concentrated to comprise a final succinate 
concentration of approximately 50%. Water can be recovered during the 
concentration step and recycled along recycle route 31 back to source 30. 
[0038] An initial ammonia content of the fermentation broth can be 
adjusted in reactor 32. Such adjustment can comprise removal of ammonia from 
reactor 32. Ammonia-removal can be conducted at a temperature of from about 
130°C to about 200°C. The ammonia can be recovered and recycled along 
recycle route 31 to source 30. The removal of ammonia can be utilized to 
produce a final preferable ammonia to succinate ratio of between 1.2 and 1.4. 
[0039] As shown in Fig. 2, the resulting ammonia adjusted mixture can be 
provided into a second reactor 34 for further reaction. Alternatively, reagents 
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can be added to reactor 32 for further reaction processes (not shown). The 
mixture containing succinate provided to reactor 34 can be added to reactor 34 
prior to, after, or simultaneous to addition of alkylating agent from a reagent 
source 36, and alkylation and cyclization can be conducted concurrently. 
Alternatively, the succinate can be cyclized in reactor 34 prior to addition of any 
alkylating agent. NMS can be produced in reaction chamber 34 by addition of a 
methylating agent such as, for example, methanol. Where methanol is utilized in 
producing NMS in reactor 34, the methanol can be added to reactor 34 at a 
methanol to succinate ratio of from 1 to about 30. Preferably, methanol is added 
to a ratio of from about 1.5:1 to about 3:1, relative to succinate. In particular 
instances, it can be preferable to provide a methanol to succinate ratio of about 
2:1. 

[0040] Conversion to NMS can be performed under thermal conditions 
without additional catalysts. Alternatively, a catalyst can be added to reactor 34. 
An exemplary catalyst for addition to reactor 34 is an acidic catalyst. 
[0041] Conversion to NMS in reactor 34 can be conducted at a reaction 
temperature of from above about 100°C to about 300°C, preferably about 280°C. 
An appropriate reaction temperature can depend upon the amount of water 
present, with an increased temperature enhancing efficiency at higher water 
content. 

[0042] Various equilibrium reactions can occur within reactor 34. 
Exemplary potential equilibrium reactions are shown generally in Fig. 3. The 
equilibrium positions are not indicated in Fig. 3, and can be affected by various 
factors such as reactant concentration, water content, and ammonia to succinate 
ratio. Due to the reversibility of the, ring closure, it can be advantageous to 

16 



S:\BA4\212\P05.doc 



Docket No. 13872-B* 



quench or flash cool the conversion reaction. Quenching can comprise, for 
example, cooling the reaction to a temperature below 100°C in less than or equal 
to about 30 minutes. Such quenching or flash cooling can maximize the ring 
closed NMS. 

[0043] The NMS produced in reactor 34 can be recovered in reactor 38. 
Reactor 38 can be, for example, a distillation unit for separation of NMS from 
byproducts including, for example, polymerized material and/or various 
equilibrium products shown in Fig. 3. Such distillation can also be utilized to 
remove fermentation broth components. Polymerized material and/or 
equilibrium products of Fig. 3 can be recovered from reactor 38 and can be 
recycled back to reactor 34 for production of an additional amount of NMS: 
Methanol and/or water can also be recovered from reactor 38 and can optionally 
undergo separation of water from methanol in, for example, a distillation reactor 
40 where water can be recycled back to source 30 and methanol can recycle 
back to alkylating agent source 36. Nitrogen-containing byproducts such as, for 
example, methyl amine can also be recovered and separated in distillation 
reactor 40 for recycling back to reactor 34. 

[0044] In addition to the distillation discussed above, purification of NMS 
in reactor 38 can alternatively comprise one or more of steam distillation, 
decanting, sublimation, extraction and crystallization. In particular instances, 
purification of NMS can be conducted as NMS is formed. For example, a single 
reactor (not shown) can be utilized for conducting the reaction to form NMS and 
for purification of the NMS. A particularly useful combination reactor can be, for 
example, a distillation reactor. 
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[0045] The purified NMS can be provided to reactor 42 to undergo further 
reaction or can be utilized for production of alternative useful compounds. It can 
be advantageous to purify NMS prior to introducing the NMS into reactor 42 to 
avoid catalyst poisoning or other negative effects of mixture components from 
reactor 34. Such purification is especially beneficial where a fermentation broth 
is utilized since components of the fermentation broth can decrease or destroy 
catalytic activity. 

' [0046] It is noted that under appropriate distillation conditions in reactor 
38, an amount of NMS recovered from reactor 38 can exceed the initial amount 
of NMS fed to the reactor. This result is likely due to conversion of one or more 
of the equilibrium products shown in Fig. 3, which occurs during distillation 
purification of NMS. An exemplary conversion of equilibrium product which may 
occur during distillation is conversion of N-methyl succinamic acid to produce 
NMS and water. 

[0047] Hydrogenation of NMS can be performed in reactor 42 in the 
presence of a hydrogenation catalyst. Hydrogen can be provided into reactor 42 
from a hydrogen source 44. The hydrogenation catalyst utilized can be any of 
the hydrogenation catalysts set forth above. Preferably, the catalyst will 
comprise from about 0.5% to about 5% catalytic metal by weight, and such metal 
will be on a carbon support. In particular instances, the catalyst will preferably 
comprise one or more of Ru, Rh and Pt since these catalytic metals can 
enhance conversion from NMS and can enhance selectivity to NMP. For highly 
selective and efficient production of NMP, the catalysts can preferably comprise 
up to about 5% Rh on a carbon support, and can preferably be an edge-coated 
catalyst. 
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[0048] Additional factors which can affect NMS conversion efficiency and 
selectivity toward NMP include, but are not limited to, reaction temperature, 
hydrogen pressure, initial NMS concentration, catalyst loading, stirring rate, 
reactor residence time, and the reaction solvent. Due to hydrogen's limited 
solubility in aqueous media, it can be preferable that the NMS be converted in an 
absence of water or in the presence of very little water. Accordingly, it can be 
desirable to provide neat NMS or an NMS in a mixture comprising less than or 
equal to 80% water, preferably less than or equal to 50% water, more preferably 
less than or equal to about 20% water, and even more preferable less than or 
equal to about 1 0% water. 

[0049] Hydrogenation in reactor 42 can preferably comprise a H 2 pressure 
of from about 500 psig to about 2250 psig. It can be advantageous in particular 
instances to provide a H 2 pressure of up to about 1500 psig to minimize 
production of pyrrolidines. Where NMS is hydrogenated in an absence of 
solvent, an appropriate reaction temperature can be from at least 70°C to less 
than or equal to about 250°C. Where solvent is utilized, an appropriate reaction 
temperature can preferably be less than or equal to about 250°C. 
[0050] Conversion of NMS in reactor 42 can result in a product mixture 
comprising NMP, 2-pyrrolidinone, pyrrolidine, and methyl pyrrolidine. The 
reaction can also produce byproducts such as amines and polymerized material. 
The resulting mixture from reactor 42 can be introduced into reactor 46 where 
over-hydrogenated products such as pyrrolidines, amines, and other 
hydrocarbons (reaction "lights") can be removed to waste 48 by flash removal. 
The remaining mixture from flash tank 46 can be provided into a reactor 50. 
Production of high purity NMP can be obtained by, for example, distilling in 
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reactor 50. Alternatively, NMP purification can comprise one or more of 
crystallization, ion exchange, extraction and selective adsorption. Such 
purification can separate NMP from remaining methanol and water which can 
optionally be recycled, and from "heavies" such as any polymerized material 
and/or alternative equilibrium species shown in Fig. 3. Such "heavies" or 
equilibrium species can be recycled back to reactor 34 for additional NMS 
production. Purification in reactor 50 can additionally separate NMP from any 2- 
pyrrolidinone produced during the hydrogenation reaction. 
[0051] It can be advantageous to include recycling of polymerized 
materials and/or alternative equilibrium species in accordance with the methods 
of the invention to improve the NMP at an overall percent yield of greater than 
92% by mole, relative to the initial amount of succinate. 



EXAMPLES 

Example 1 : N-methyl Succinimide Formation in the Presence of Fermentation 

Components 

[0052] Ammonium succinate (at a molar ratio of ammonia relative to 
succinate of 1.2:1) is provided to a reactor in a mixture containing corn steep 
liquor. The corn steep liquor contains approximately 10% non-water 
components prior to mixing with ammonium succinate. The mixture is formed to 
contain approximately 28% ammonium succinate, by weight. Methanol is 
provided at a methanol to succinate ratio of about 1.5:1. Conversion of 
ammonium succinate is conducted at 280°C for 8 hrs. Multiple samples are 
drawn and results are analyzed to obtain conversion and selectivity information. 
Analysis after 8 hours indicates a succinate conversion of greater than or equal 
to 92.9%. The yield of N-methyl succinimide (NMS) is greater than or equal to 
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70%, with a corresponding production of less than 6.4% N-methyl succinamic 
acid, less than or equal to 1.7% succinamic acid, and less than 0.5% 
succinimide. 

[0053] A comparison sample run is conducted utilizing conditions set forth 
above with the exception that the corn steep liquor is replaced with an equivalent 
amount of water (by weight). Analysis after 8 hours indicates a succinate 
conversion of 93.7%, with a corresponding 68.3% yield of NMS, 1.6% N-methyl 
succinamic acid, 3.4% succinamic acid, and 1 .8% succinimide. 
[0054] These results indicate that conversion of succinate to NMS can be 
efficiently performed in the presence of fermentation components. 

Example 2: Ammonia Adjustment and Thermal Formation of Succinamic Acid 

from Diammonium Succinate 
[0055] Diammonium succinate is provided to a reactor at 50 weight 

percent in water. The reactor is filled or pressurized with nitrogen and sealed. 

The sealed reactor is heated to about 200°C and thereafter samples are 

collected from the reactor every 10 minutes. The samples are analyzed to 

determine conversion and selectivity. The results of such analysis are shown in 



Table 3. 

Table 3: Diammonium Succinate Conversion and Product Selectivities 



Elapsed 


Diammonium 


Selectivity to 


Selectivity to 


Selectivity 


Minutes 


Succinate 


Succinamic Acid 


Succinimide 


to 


at 


Conversion(%) 






succinamide 


200°C 










Feed 


0 


0 


0 


0 


0 


21.6 


84.3 


10.5 


5.2 


10 


41.7 


78.4 


11.8 


9.8 


20 


56.8 


74.7 


11.9 


13.4 


30 


62.7 


73.2 


11.7 


15.1 


40 


64.8 


72.7 


11.9 


15.4 


50 


65.3 


73.9 


11.2 


14.9 
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[0056] The process can produce an ammonia to succinate ratio of about 
1.4:1 which is within the preferable range for subsequent formation of N-methyl 
succinimide. The described method is useful for production of succinamic acid 
and/ or succinimide which as a reagent can be utilized for enhanced NMS 
production relative to utilization of diammonium succinate. 

Example 3: N-methyl Succinimide Formation from Succinamic Acid 
[0057] Succinamic acid is provided to a reactor at 30% by weight in water. 
Methanol is provided to the reactor at a 1.5:1 methanol to succinamic acid ratio, 
and ammonia is added to provide a 0.2:1 ammonia to succinamic acid ratio. 
This represents a 1.2:1 ammonia to succinate species ratio due to the ammonia 
integrated into the succinamic acid. The reactor is filled or pressurized with 
nitrogen and sealed. The reactor is heated to 280°C and maintained at 
temperature for 10 hours before quench cooling. The product is analyzed to 
determine conversion and selectivity products. Analysis after 8 hours indicates a 
succinamic acid conversion of greater than or equal to 96.5%. The yield of N- 
methyl succinimide (NMS) is greater than or equal to 77%, with a corresponding 
production of less than 6.1% N-methyl succinamic acid, less than or equal to 5% 
succinic acid, and less than 1.7% succinimide. 

Example 4: Ammonia Adjustment and Thermal Formation of Succinimide from 

Diammonium Succinate 
[0058] Diammonium succinate is provided to a reactor at 50% by weight in 

water. The reactor is subjected to vacuum and water is distilled off at 50°C to 

yield nearly 100% DAS. The reactor is returned to atmospheric pressure, filled 

or pressurized with nitrogen, and heated to the indicated temperature and held 
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for the indicated time before cooling the reactor to room temperature. The 
product is weighed, dissolved in water, and analyzed to determine conversion 
and selectivity to intermediates. The overall mass balances are observed to be 
high but not above expected analytical tolerances. 



TABLE 4: Diammonium Succinate Conversion and Product Selectivities 



Temp. 
(X) 


Elapsed 
Time at 
Temp 
(min) 


Diammonium 

Succinate 
Conversion(%) 


Selectivity 
to 

Succinamic 
Acid 


Selectivity 
to 

Succinimide 


Selectivity to 
succindiamide 


200°C 

to 
270°C 


30 


93.9 


4.6 


93.8 


n/d 


200°C 


60 


90.8 


5.0 


96.5 


1.5 


200°C 


90 


93.3 


0.1 


98.5 


n/d 


160°C 


480 


91.7 


0.1 


97.8 


n/d 


220°C 


30 


93.2 


2.5 


101.5 


n/d ' 



n/d = not detected 



[0059] This method forms succinimide with a release approximately half 
the original ammonia as the DAS cyclizes to form succinimide. The ammonia is 
removed in the vapor phase along with water. Accordingly, the process 
produces a nearly 1:1 ammonia to succinate ratio. However, the process can 
alternatively be stopped at any ratio between 1:1 to 2:1. This process forms 
mostly succinimide with some succinamic acid present, each of which can be 
favorable intermediates for converting to N-methyl succinimide. 



Example 5: Formation of N-methyl Succinimide from Succinimide 
[0060] Succinimide is provided to a reactor at 23% by weight in water. 
Methanol is provided to the reactor at a 1.5:1 methanol to succinimide ratio in an 
absence of added ammonia. The ammonia integrated within the succinimide 
provides a 1:1 ammonia to succinate species ratio. The reactor is pressurized 
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with nitrogen and sealed. The reactor is heated to 300°C and is maintained at 
temperature for 5 hours. Samples are collected at least every hour during the 
reaction. Product analysis is conducted to determine conversion and product 
selectivity. Analysis of the 4 hour sample indicates a succinimide conversion of 
greater than or equal to 96%. The yield of N-methyl succinimide (NMS) is 
greater than or equal to 80%. 

Example 6: N-methyl Succinimide Hydrogenation 
[0061] Approximately 5.0 grams (g) of the specified catalyst is charged 
into a reactor equipped with a magnetic stirrer. Approximately 50.0 g of solid 
NMS is utilized a feedstock and is provided to the reactor. The reaction is 
conducted under 1500 psig constant H 2 pressure at a stir rate of about 
1000 rpm. After 4 hrs, the resulting gas and liquid components are analyzed for 
determination of NMS. conversion and product selectivity. The results of the 
determinations are indicated in Table 5 for each of the indicated catalysts and 
reaction temperatures. 
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TABLE 5: Catalyst Based Hydrogenation Selectivities 



Catalyst No. 
(from Table 2) 


Temp. 
(°C) 


% of NMS 
Converted 


molar% (of 
theoretical) 
Yield of NMP 


NMP/2- 
pyrrolidinone 
(Mole Ratio) 


1 


200 


<1 


0.6 


n/d 


2 


200 


7 


6.8 


25 


3 


200 


3 


3 


10 


4 


200 


65 


55.9 


65 


6757-09-1 


200 


84 


69.3 


10 


ESCAT-268 


200 


26 


25.7 


>90 


ESCAT-340 


200 


45 


41.8 


149 


ESCAT-140 


200 


15 


12.4 


48 


ESCAT-440 


200 


96 


34.3 


1.5 


ESCAT-440 


150 


75 


42.2 


6.5 


ESCAT-440 


120 


39 


19 


n/d 


ESCAT-340 


220 


50.2 


50.2 


70 


ESCAT-268 


220 


35.5 


35.5 


n/d 


Co-0138 E 1/16 3F 


200 


58.6 


32.0 


18 


G 106 B/W5% Rh 


220 


95.8 


90.8 


142 


• * ESCAT-340 


200 


40.4 


38.0 


n/d 


G 106 B/W 5% Rh 


220 


93.6 


89.4 


134 



2Py = 2-pyrrolidinone; n/d = not detected; Reaction was conducted at 2000 psig. 



[0062] In compliance with the statute, the invention has been described in 
language more or less specific as to structural and methodical features. It is to 
be understood, however, that the invention is not limited to the specific features 
shown and described, since the means herein disclosed comprise preferred 
forms of putting the invention into effect. The invention is, therefore, claimed in 
any of its forms or modifications within the proper scope of the appended claims 
appropriately interpreted in accordance with the doctrine of equivalents. 



S:\BA4\212\P05.doc 



25 



